A modulating role for antioxidants in desiccation tolerance.
Most organisms depend on the availability of water. However, some life-forms, among them plants and fungi, but very few animals, can survive in the desiccated state. Here we discuss biochemical mechanisms that confer tolerance to desiccation in photosynthetic and non-photosynthetic organisms. We first consider damage caused by water removal and point out that free radicals are a major cause of death in intolerant tissue. Free radicals impair metabolism and necessitate protection and repair during desiccation and rehydration, respectively. As a consequence, desiccation tolerance and prolonged longevity in the desiccated state depend on the ability to scavenge free radicals, using antioxidants such as glutathione, ascorbate, tocopherols and free radical-processing enzymes. Some 'classic' antioxidants may be absent in lower plants and fungi. On the other hand, lichens and seeds often contain secondary phenolic products with antioxidant properties. The major intracellular antioxidant consistently found in all life forms is glutathione, making it essential to survive desiccation. We finally discuss the role of glutathione to act as a signal that initiates programmed cell death. The failure of the antioxidant system during long-term desiccation appears to trigger programmed cell death, causing ageing and eventual death of the organism. In turn, this suggests that a potent antioxidant machinery is one of the underlying mechanisms of desiccation tolerance.